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Abstract
This paper deals with theoretical investigation on a compact 
frequency selective surface with multiple resonant frequencies. 
In this paper the FSS is designed by modifying square patch nearly 
similar as ‘H’ shaped patch and then cutting hexagon shaped slot 
within it. 94.93% size reduction is achieved in this design. Three 
resonant frequencies have been obtained in this design. Theoretical 
investigation has been done by ANSOFT Designer® software. 
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I. Introduction
An array of periodic metal patches on a dielectric substrate 
constitutes Frequency Selective Surface to EM wave [1-2]. In 
microwave engineering FSS are the wireless counterpart of 
electrical filters. The response of FSS to incident radiation varies 
with frequency.It has been used in many application such as in 
radomes, in aircrafts that are specially used in defence application, 
in beamsplitter, polarizer etc. It is also used in sub reflectors of 
antenna and superstrates above patch antenna to enhance antenna 
directivity [5] etc. Depending upon their physical construction, 
geometry and materials FSS are divided into low-pass, high-
pass, band-pass and band-stop filters [3]. FSS structures are 
basically analysed by three methods- Finite Difference Time 
Method (FDTD), Finite Element Method (FEM) and Method of 
Moment (MOM) [4]. In this paper we have analysed FSS structure 
theoretically by using ANSOFT Designer® software which is 
based on Method of Momentum. 

II. Design Approach of FSS
The FSS structure consists of two dimensional arrays of patches. 
The arrays of metallic patches are aligned on top of a dielectric 
substrate. The substrate is basically glass-PTFE. Its dielectric 
constant is 2.4 and thickness is 1.6 mm in conventional FSS 
structure. This is shown in fig 1. Dimension of each patch is 
(20*20) mm. This is shown in fig. 2. Periodicity is taken 22 mm 
along both X and Y direction for constructing array of patches.

Fig. 1: Layered Structure of Conventional FSS

Fig. 2: Reference Patch

After simulation using ANSOFT software the resonant frequency 
is obtained at 12.79 GHz and value of percentage bandwidth is 
50.82%. It is shown in fig. 3.

Fig. 3: Transmission Characteristics of Reference Patch

Now the FSS is modified step by step. In the first step of 
modification, square patch is converted to ‘H’ shaped patch. Within 
this transformed patch hexagon shaped slot is cut. Dimension of 
transformed FSS is clearly shown in fig. 4.

Fig 4: Design of FSS after 1st modification

After simulation it has been seen that resonant frequency has 
been reduced than the reference patch. The resonant frequency 
is obtained at 8.66 GHz. The obtained graph after simulation is 
shown in fig. 5.

Fig. 5: Transmission Characteristics of 1st Modified FSS
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In the second step, FSS is again modified by reducing the value 
of A by 1 mm and removing hexagonal shaped slot. The modified 
FSS is  shown in fig. 6. After simulation of this design the resonant 
frequency is obtained at 6.16 GHz. The transmission graph is 
shown in fig. 7.

Fig. 6: Design of FSS after 2nd Modification

 
Fig. 7: Transmission Characteristics of 2nd Modified FSS

In the third step, FSS is modified by reducing again the value of A 
by 1 mm than previous design and the position of hexagonal slot 
within the transformed ‘H’ shaped metal patch has been modified 
as shown in fig. 8. The value of resonant frequency obtained in this 
design is 3.23 GHz. At the same time, three resonant frequencies 
are also achieved. This modified FSS is shown in fig. 8. The 
transmission graph is shown in fig. 9. 

Fig. 8: Design of FSS After 3rd Modification

Fig. 9: Transmission Characteristics of 3rd Modified FSS

In the fourth step, the value of A is taken as 4mm and dimension of 
slot is remained same as fig. 4 and fig. 8. The resonant frequency 
obtained in this design is 2.88 GHz. In this design three resonant 
frequencies are also obtained. This modified FSS is shown in fig. 
10. The corresponding transmission graph is shown in fig. 11.

    
Fig. 10: Design of FSS After 4th Modification

Fig. 11: Transmission Characteristics of 4th Modified FSS
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All simulated results are summarized in the table given below 
for better observation.

Table 1:
Resonant 
Frequency
(GHz)

%B.W. % Size 
Reduction

Reference 
Patch 12.79 50.82 ------

Step 1
8.66 13.74

54.16
11.46 1.65

Step 2 6.16 80.52 76.45

Step 3

3.23 27.02

93.626.25 5.92

10.81 17.43

Step 4

2.88 28.4

94.935.75 3.47

9.35 9.35

III. Conclusion
It has been seen that as the reference patch is modified step by 
step, resonant frequency decreases in each step of modification. 
So it can be said, in each modification step, size reduction is 
achieved. In step4 resonant frequency is shifted left most as 
compared to all other modified designs and reference patch. So 
the best size reduction is achieved in this step. The value of size 
reduction achieved in this step is 94.93% and this value is quite 
good. Considering number of resonant frequencies obtained in 
the modified designs, it can be said that in step3 and step4, three 
resonant frequencies are obtained. Frequency separation between 
resonant frequencies is quite good. In step4 regarding resonant 
frequency and number of resonant frequency the best result is 
obtained. This proposed FSS can be used both as compact one 
and can be used in multiple resonant frequency operation.
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